The tonic activity of the smooth muscle of the lower oesophageal sphincter (LOS) generates resting lower oesophageal sphincter pressure' and this sphincteric mechanism is considered to be the major antireflux barrier. Interestingly, the sling fibres of the right crura of the diaphragm are arranged in such a way that they could also exert a sphincteric action at the lower oesophageal sphincter.' Recent studies suggest that the respiration induced pressure oscillations observed in the cat LOS during manometric recordings are the result of an active diaphragmatic contraction.' The studies by Dodds et al suggested that these pressure oscillations are caused by a relative movement of the LOS over a fixed manometric recording site.4 Whether the diaphragmatic contraction could actually enhance the LOS pressure in man is not yet clear. The purposes of our study were to: (1) examine the effects of diaphragmatic contraction and relaxation on the LOS pressure in healthy volunteers, and (2) determine if the increase in gastroesophageal gradient associated with diaphragmatic contraction is associated with acid reflux into the oesophagus in normal subjects.
The tonic activity of the smooth muscle of the lower oesophageal sphincter (LOS) generates resting lower oesophageal sphincter pressure' and this sphincteric mechanism is considered to be the major antireflux barrier. Interestingly, the sling fibres of the right crura of the diaphragm are arranged in such a way that they could also exert a sphincteric action at the lower oesophageal sphincter.' Recent studies suggest that the respiration induced pressure oscillations observed in the cat LOS during manometric recordings are the result of an active diaphragmatic contraction.' The studies by Dodds et al suggested that these pressure oscillations are caused by a relative movement of the LOS over a fixed manometric recording site. 4 Whether the diaphragmatic contraction could actually enhance the LOS pressure in man is not yet clear. The purposes of our study were to: (1) examine the effects of diaphragmatic contraction and relaxation on the LOS pressure in healthy volunteers, and (2) determine if the increase in gastroesophageal gradient associated with diaphragmatic contraction is associated with acid reflux into the oesophagus in normal subjects.
Methods

SUBJ ECTS
Oesophageal manometric and pH studies were carried out in 10 healthy volunteers. The group was comprised of six men and four women with a mean age of 25-7 years (range 19-32). All the subjects denied a history of heartburn or any symptom suggestive of oesophageal disease. None were taking any medication. The protocol for the study was approved by the Human Investigation Committee at the University of Virginia.
After a six to eight hour fast, a manometric catheter with a 6 cm sleeve device (Arndorfer Medical Specialty Inc, Milwaukee, WI) was placed through the nose into the oesophagus and stomach. In five subjects an intraluminal micro pH electrode was attached to the manometric catheter so as to record intraoesophageal pH 5 cm above the LOS. The sleeve device and the side hole above the sleeve device were first positioned into the stomach. The manometric assembly was then withdrawn in a stepwise fashion until the side hole at the proximal end of the sleeve recorded intraoesophageal pressure just above the LOS and the proximal end of the sleeve straddled the LOS. The gastric pressure was measured from a side hole located 2 cm distal to the 1564 Effect ofthe diaphragmatic contraction on lower oesophageal sphincterpresslure in man lower end of the sleeve. Intraoesophageal pressure was also monitored at 5 and 10 cm above the LOS. Ten, 5 ml water swallows were performed in each subject to confirm the normal oesophageal motility.
Pressures in the oesophagus, LOS and stomach were then monitored during three phases with the subjects lying supine on a stretcher. Phase I represented end tidal expiraton. In phase II, subjects were asked to inspire to total lung capacity and then maintain the airway open so that they had to sustain diaphragmatic contraction. Evidence of the sustained effort in this phase was provided by the sustained negative Initially an acid pH (<2.0) was documented in the stomach in each subject before the probe was positioned in the oesophagus. Acid reflux from the stomach to the oesophagus was considered to have occurred when intraoesophageal pH fell to less than 4 0 for longer than five seconds.
STATISTICAL ANALYSIS
Data were analysed using signed rank tests, Spearman rank order correlation, and simple linear regression. All data are presented as mean±SEM.
Results
The LOS pressure in phase I was 25-3±3 1 mmHg. In phase II, it increased to 66 8±10(5 mmHg (Fig. 1) . This difference is highly significant (p<0005). The net LOS pressure -that is, LOS pressure corrected for gastric pressure -was 31-9±7 8 mmHg higher in phase II than in phase I. The rise in LOS pressure in phase II was slow (Fig. 2) and actually in some subjects the LOS recording showed an initial drop in the LOS pressure but as the subjects remained in phase II the LOS pressure gradually increased until it reached a maximal anid sustained value at which point a horizontal LOS tracing was obtained.
As the subjects moved from phase II to phase III, there was a sudden drop of LOS pressure (Fig. 2) . This drop in the LOS pressure was usually greater than the initial rise of the LOS pressure that occurred from phases I to II. The LOS pressure in phase III was 3 2 mmHg lower than phase I, a small but nevertheless statistically significant difference (p<0 04). (Fig. 3) . The net increase in LOS pressure in phase II also correlated with Pdi in a linear fashion, r=0 77 (p<0 008).
In spite of a large gastro-oesophageal gradient during phase II, acid reflux did not occur in any subject. There were no episodes of acid reflux during any of these phases in any of the subjects.
Discussion
Our study shows Welch and Gray"' concluded that both the axial movement of the LOS and diaphragmatic contraction contribute to the respiration induced pressure oscillations in the LOS.
A sleeve device was initially devised by Dent to counteract the problem of axial movements of the LOS relative to the catheter. As long as the LOS remains positioned over any portion of the 6 cm length of the sleeve it will measure the LOS pressure. Even though the response rate of the proximal part of the sleeve is very quick, however, the response rate at its distal end is rather slow. An in vitro study with the sleeve suggested to us that a continuous pressure had to be applied to the distal end for 17 The magnitude of Pdi on inspiration to total lung capacity in our study is similar to that observed by other investigators.'-The transdiaphragmatic pressure (Pdi) is considered to be a measure of the force of diaphragmatic contraction.4 '" We therefore expected that the Pdi should correlate with the increase in LOS pressure. We indeed found a strong correlation between LOS pressure and Pdi in phase II. This would be consistent with the concept that the diaphragmatic contraction acts as an 'external sphincter', enhancing the intrinsic LOS tone.
Acid reflux into the oesophagus was not observed in any of the phases, in spite of a pressure gradient in phase II that should promote the flow of contents from the stomach into the oesophagus. It should be noted that Pdi in fact represents the gastrooesophageal gradient and hence a driving force for the gastric contents to reflux into the oesophagus. In phase I, the Pdi or the gastro-oesophageal gradient was only about 4 mmHg. Therefore an actual LOS pressure of greater than 4 mmHg should provide an effective antireflux barrier. The observation by Dent et al that the acid reflux does not occur unless an end expiratory LOS pressure falls to less than 5 mmHg'" would support the fact that under resting conditions an end expiratory LOS pressure of more than 5 mmHg is an effective antireflux barrier against a gastro-oesophageal pressure gradient of 4 mmHg. During deep inspiration, however, when the gastrooesophageal gradient is in the range of 30-40 mmHg, an augmentation of the LOS pressure is required to avoid the possibility of acid reflux. Our study suggests that it is during these periods that the LOS pressure increases and this increase is always greater than Pdi. The reflex increases in the LOS pressure could be an important component of the antireflux barrier.
Our data clearly suggest that the diaphragmatic contraction and relaxation results in a rise and fall of the LOS pressure. Whether these LOS pressure changes are the result of a sphincteric action of diaphragm or a reflex constriction of the smooth muscle of the LOS in response to diaphragmatic contraction is not totally clear. The latter may be possible because there are reflex pathways between the oesophagus and diaphragm'7 and it is possible that a diaphragm to LOS reflex may exist as well. 
